Abstract: Platform of MATLAB Simulink module is used to establish hydrofoil USV of the intelligent propulsion system simulation model of the chaos optimization program. Using the program to optimize the parameters of the hydrofoil USV propulsion system can significantly improve propulsive performance. The reliability of simulation and optimization is verified by analyzing the change relationship between the overshoot and the initial propeller speed and the initial speed under different disturbances. The chaos optimization program can also be used in the real-time control of the hydrofoil propulsion system.
Introduction
The hydrofoil USV as new platform can be equipped with sensors, communication equipments and weapons, which has good feature of high speed, flexible operation, autopilot. Which can be suited to perform quick detection, latency, manoeuver and other tasks in a variety of harsh environments. If the system is established, it will remove obstacles at sea and setup a rapid sea lanes in future seawar, which will play an active role.
Chaos occurs in many nonlinear systems. Ergodic, stochastic and regular properties are the characteristics of chaos, which means it can track any state in a certain scope without repetition according to its regularity. Due to its significant characteristics, chaos has been applied to optimization problem to avoid trapping into local minimum and this is the so-called "Chaos optimization". Usually, the design of many controllers, such as PID, neural network and fuzzy transferred into parameter or structure neural network controller, can be optimization problems. CAO Shihui in Wuhan gives the path planning steps based on the chaotic PSO algorithm by the path planning model of UAV, and performs their simulation as well. Meisam Hemmatia in Iran proposes a new multi-cross learning-based chaotic differential evolution (MLCDE) algorithm to solve the optimization problem of MG operation. The application of chaotic stochastic algorithm in the field of USV control is less. In this paper, using the characteristics of chaotic variables of ergodicity and stochasticity and regularity of search, optimization of fuzzy controller parameters, thus the optimal allocation of unmanned hydrofoil propulsion system controller, further improve performance, small overshoot and strong anti-interference ability.
Chaos optimization

Chaos optimization idea
The basic idea of chaos optimization is the chaos variables linear mapping to the optimization of the range, ergodicity and regularity of chaotic variable is then used to search for optimum. It fully embodies the complexity of the system, and the change of the seemingly chaotic process, actually contains inherent regularity. Chaotic variables between [0, 1] is a volatile variable, it has the ergodicity, stochasticity and regularity, and is sensitive to initial value.
Logistic mapping
Logistic mapping is a classical model to study the behavior of dynamical systems, chaos and Fractals. It is also called Logistic iteration, in fact, it is a discrete time dynamic system, which follows the iterative equation:
Where x(k)∈[0,1], μ is a control parameter, when μ = 4 system in a state of chaos. Logistic map is a simple, but it is of great significance of the nonlinear iterative equations, it has definite form, and the system does not contain any random factors, but the system have a seemingly completely random μ, extremely sensitive, depend on the parameters of dynamic phenomenon.
Chaos optimization method
Sets the optimization problem of a class of continuous object to:
Where f (x ) is the objective function; x is optimization variables; a and is x lower limit and upper limit; n is the number of optimization variables.
Chaos optimization method basic steps to solve the problem are as follows:
1) The initialization algorithm. Set k=0, k'= 0, for a given respectively x has a tiny difference of initial value, that can get i different chaotic variables of x , +1 .
2) Let the chaotic variables x , +1 carrier respectively which is selected, and make it into a variable , +1 ′ , the range of chaotic variables respectively to the corresponding optimization variable scope,
Where a and b is x lower limit and upper limit.
3) Using chaotic variables iterative search. make x（k）= , +1 ′ , calculate the corresponding performance index f(k). make
4) Through step 3) the number of searches, f* remains constant, press type for secondary carrier; On the other hand, the return step 3).
x , +1 is a Chaotic variables through the time interval is small, is a regulation constant. * is the current optimal solution. 
If meet the termination criterion, the search is complete, the output optimal solutions * and f*; On the other hand, return to step 5).
Chaos optimization mathematical model of fuzzy controller
The design variables
In this paper, we use fuzzy controller to control the speed of spray water jet propulsion pump, the choice of the fuzzy controller input output scaling factor of ke, kec, ku as design variables. Vector expressed as X={ke,kec,ku} T
Constraint conditions
Constraint conditions is determined by experience is as follows:
The objective function
Use economic performance index as the objective function, namely:
Where T --Control time --The current speed 0 --The target speed. Optimization design goal is to pursue the objective function value is minimal.
Hydrofoil USV propulsion system
The mathematical model of hydrofoil USV propulsion system
The mathematical model of hydrofoil USV propulsion system sets up based on the translational equation:
And rotational equations:
Where resistance , through model test, is provided by the host torque, translational equation of thrust and turn the absorption in the equation of torque, respectively is:
Where --Effective thrust ρ --The density of water Q --Spray pump flow --Nozzle flow rate --Import flow velocity = --Spray pump shaft power required. Table 1 . Fuzzy center of gravity method. 
Hydrofoil USV propulsion system simulation model
Hydrofoil USV intelligent propulsion system simulation model is shown in Figure 2 . Fuzzy controller is given by comparing the target speed and current speed of a controlled amount of n (main engine rotational speed), and then, given by the main engine according to the fuzzy controller to regulate torque of main engine, make the pump rotation, so as to achieve the aim of moves foil unmanned craft. 
Example analysis
Implement of simulation for the hydrofoil USV with water jet propulsion system, the principle dimension is as below in Table 2 : Table 2 The principle 
Optimization calculation
According to the above mathematical model , exerting MATLAB/GUID chaos optimization algorithm interface program, Then with the optimized configuration of fuzzy controller of hydrofoil USV on the water jet propulsion system of control simulation.
Analysis of calculation result
Comparison and analysis of the results before and after chaos optimization
Analysis of calculation result Figure 3 is based on the simulation results of water jet propulsion system, Figure 3 on the chaotic optimization of fuzzy controller parameters (ke, kec, ku) before and after the simulation results were compared. Among them, the initial speed of 48kn, the target speed constant 50kn, the initial rotational speed is set to 30r/s. Speed from the bottom up to the simulation results. The picture is divided into four small, each part of the represent different disturbance situation, respectively, with 0% disturbance (Figure 3a) , disturbance with 5% (Figure 3b ), 10% (Figure 3c ), and 20% (Figure 3d ) situation. Figure 3 Comparison between before and after chaos optimization
(a). 0% (b). 5% (c). 10% (d). 20%
The parameters of the fuzzy controller are given as a value when debugging the program, and the simulation results of the fuzzy controller coefficients optimized by the first carrier and the second carrier by the chaos optimization program are particularly obvious, as can be seen from the comparative analysis in Figure 3 , At the initial rotational speed of 30r/s, the optimized simulation results are reduced, the stable period is reduced, and the anti-interference ability is stronger.
Analysis of the influence of initial rotational speed on overshoot
To explore the initial rotational speed affects the quantity of overshoot, 0% and 10% selected two kinds of situations, the initial speed is 48kn, the target speed is 50kn, the initial rotational speed(n) is 22,25,28,30(r/s) on optimized simulation. Figure 4 shows the results of 0% disturbance and plotted the overshoot with the initial rotational speed as shown in Figure 5. (a). n=22r/s (b). n=25 r/s (c). n=28 r/s (d). n=30 r/s Figure 4 The result of optimization and simulation in different initial rotational speed(0% disturbance） Figure 5 The curve of overshoot with the initial rotational speed（0% disturbance）
It can be seen from the comparative analysis of Figure 4 that the optimal initial speed of the hydrofoil USV propulsion system is optimized and simulated when the disturbance is 0%, and the results show essentially constant that the system control reaches a stable time at different initial rotational speeds; The system overshoot is reduced linearly with the decrease of the initial rotation speed. When the interference value is 10%, have the same conclusion. So the reliability of the optimization simulation is verified.
Analysis of the effect of initial speed on overshoot
To explore the initial speed affects the quantity of overshoot, select the situation of 0% disturbance, the initial target speed constant of 50 kn, the initial rotational speed is 30 r/s, the initial speed(V) of 44, 46, 48 and 52 (kn) were taken to optimize the simulation. Figure 6 is to optimize the simulation results, and draw the overshoot with the initial speed of the curve shown in Figure 7. (a). V=44kn (b). V=46kn (c). V=48kn (d). V=52kn Figure 6 The result of optimization and simulation in different initial speed（0% disturbance） Figure 7 The curve of overshoot with the initial speed It can be seen from the comparative analysis of Figure 6 that the optimal initial speed of the hydrofoil USV propulsion system is optimized and simulated when the disturbance is 0%, and the results show essentially constant that the system control reaches a stable time at different initial speeds; It can be concluded from Figure 7 that the system overshoot is reduced linearly with the decrease of the initial speed, it is shown that the overshoot is not sensitive to the initial speed.
Conclusion
In this paper, the chaos optimization method is used to optimize the simulation model of water jet propulsion hydrofoil USV. The input / output scaling factor of the fuzzy controller is optimized and the chaotic optimization interface program is compiled with MATLAB / GUID. The simulation results show that the chaos algorithm is used to optimize the design of the fuzzy controller, the control effect is improved, and the applicability is stronger and the reliability is higher. On the basis of the conclusion of the appeal, the relation between the overshoot and the initial speed, and the relation between overshoot and the initial rotational is studied, which can provide reference for further study. Chaos algorithm has virtue of briefness and simple programming, which is a good optimization method.
